Abstract We analyzed temporal patterns of alcohol misuse, smoking, and depression among veterans in care to determine whether these conditions vary concordantly or sequentially. Using the Veterans Aging Cohort Study, harmful alcohol use (AUDIT-C C 4), current smoking, and depression (PHQ-9 C 8), were measured. In regression analyses, predictors included each outcome condition at baseline, the other two conditions in the same survey, the other two conditions in the immediately preceding survey, number of years since enrollment, and HIV status. We found that current smoking and depression were more common among HIV infected individuals. Harmful alcohol use was more common among uninfected individuals. Temporal analyses suggested a concurrent pattern: each condition was associated with the other two conditions (p \ 0.03, OR 1.12-1.66) as well as with the prior presence of the same condition (p \ 0.0001; OR 6.38-22.02). Smoking was associated with prior depression after controlling for current depression (OR 1.16; p = 0.003). In conclusion, alcohol misuse, smoking, and depression were temporally concordant and persistent, raising the question of whether they constitute a common syndrome in HIV infected patients and others with chronic diseases.
Introduction
It remains unclear when screening, surveillance, and treatment strategies should be tailored to the distinct risk profiles of individuals with HIV [1] . For example, the Unites States Preventive Services Task Force (USPSTF) recommends that adults in primary care are screened for smoking (Grade A, meaning the USPSTF recommends the service and there is high certainty of substantial benefit), alcohol misuse (Grade B, meaning the USPSTF recommends the service and there is high certainty that the net benefit is moderate or there is moderate certainty that the net benefit is moderate to substantial), and depression (Grade B or C, depending on setting; Grade C meaning the USPSTF recommends selectively offering or providing this service to individual patients based on professional judgment and patient preferences and there is at least moderate certainty of a small net benefit) [1, 2] . However, the USPSTF recommendations do not reflect a high level of personalization, with age and sex typical criteria determining when screening is appropriate, rather than particular risk profiles such alcohol misuse, smoking, and depression; or particular comorbidities such as HIV. While this simplicity has helped to keep clinical guidelines feasible and implementable at the point of care, newer care models (e.g., patient-centered medical homes) and information system models (e.g., patient-level information feeding into decision supports) may permit future guidelines to increase prioritization and personalization.
Alcohol misuse, smoking, and depression are substantial sources of preventable morbidity and mortality in HIV and non-HIV populations, and are commensurately represented in clinical guidelines. It has been estimated that these three account for 21.6 % of the population mortality burden and 23.1 % of the population morbidity burden in the United States [3] [4] [5] . Furthermore, they frequently co-occur, concentrating their morbidity and mortality burden in a subgroup. Data among 50,028 persons in active military service suggest that new mental disorders including depression were heralded by concordant new smoking and/ or hazardous drinking [6] . Among 2436 Filipinos, depressive symptoms were predicted by frequency of smoking and frequency of drinking [7] . The large potential health benefit from tailored care strategies in the subgroup with co-occurring alcohol misuse, smoking, and depression could warrant additional systems and provider burdens they may impose. Indeed, it has been suggested that refining screening, surveillance, and treatment strategies for this subgroup such as making them more patient-centered and prioritized, has great potential to improve population health [8] . But no group has considered whether discontinuation of one behavior is associated with the discontinuation of these other behaviors, a question of central importance in the efficient and effective design of interventions.
In order to inform the future development of patientcentered screening care strategies for individuals with HIV, we analyzed temporal patterns of alcohol misuse, smoking, and depression in a large longitudinal cohort of HIV-infected and matched uninfected patients in care. Our underlying question was whether screening and treatment strategies for one of these conditions should be impacted by HIV or by the current or prior presence of any of the other disorders. Correspondingly, we sought to determine whether there were concurrent or temporal relationships between these conditions, and if so, if their effect size was sufficiently large to warrant distinct specifications of screening and treatment strategies.
Methods Sample
We used data from the Veterans Aging Cohort Study (VACS) [9] [10] [11] a longitudinal observational study focused on comorbidities and behaviors affecting medical outcomes in the broader context of aging and HIV [9, 11] . The long term objective is to use these data to design and implement effective interventions to improve outcomes among patients with HIV infections [11] . HIV infected patients were enrolled from VA infectious disease clinics and age-, race-, gender-, site-matched uninfected comparators were enrolled from general medical clinics located at the same VA centers [11] .
At study enrollment (beginning in 2002), patients completed baseline surveys. Thereafter, they completed follow-up studies on an approximately annual basis. The first annual follow-up survey occurred from September 2003 to September 2004. For the analyses in the current project, our inclusion criteria only considered those individuals who reported at baseline survey that they had ever consumed alcohol and ever smoked. Our rationale was to ensure that included patients were eligible for the outcome of greatest interest (cessation of alcohol misuse, smoking, or depression symptoms).
Measures
We measured alcohol consumption using the Alcohol Use Disorders Identification Test Consumption (AUDIT-C) score, the sum of scores for the 3 questions ranging from 0 to 12 [12] . We dichotomized AUDIT-C scores based on Bradley et al. [12] , who suggested that AUDIT-score C 4 alcohol misuse.
We measured smoking using the VACS variable ''Smoking status'' considering the categorical responses (0 = never; 1 = current smoker; 2 = past smoker).
We measured depression using the Patient Health Questionnaire (PHQ-9) score, with scores ranging from 0 to 27 [13] . Manea et al. found that the PHQ-9 score has acceptable diagnostic properties for detecting major depressive disorder for cut-off scores between 8 and 11 [14] . Accordingly, we considered PHQ-9 score C 8 as indicator of depressive disorder.
Other characteristics considered in analyses include age, gender, race, hepatitis C (HCV) status, and HIV status.
Descriptive Analyses
Baseline characteristics were compared between HIV infected participants and uninfected participants. T test was used for continuous variables and Chi square test for categorical variables.
Mean-curves of AUDIT-C score and PHQ-9 score and proportion-curve of smoking were evaluated to determine the overall change of these variables over the seven surveys. The subjects were divided into seven subgroups according to the numbers of surveys they took. Subgroup 0 consisted of subjects who only took the baseline survey; Subgroup k consisted of subjects by whom the last survey taken was follow-up survey k, k = 1, …, 6. Subgroup curves were also displayed to assess whether the missing data problem of not completing all seven surveys due to death or late entering was ''ignorable''. Quantitative Analyses
Multiple logistic regression analyses were performed in which each one of the three variables (indicators of AUDIT-C score C 4, current smoker and PHQ-9 score C 8) was the outcome variable, and predictors included the outcome variable at baseline, the other two characteristics in the same survey, the other two characteristics in the immediately preceding survey, the number of years from enrollment to the current survey, and HIV status. Repeated measures across six follow-up surveys were addressed using generalized-estimation-equation methods (GEE) for binary outcomes [15] . Missing data were addressed using multiple-imputations methods [13] . First, using Markov-Chain Monte Carlo models, ten imputations were obtained including HIV status and the three variables of greatest interest (AUDIT-C score, smoking status, and PHQ-9 score) from all available surveys. Second, a generalized estimating equation (GEE) regression analysis was performed maintaining the ''missing'' status of the outcome while incorporating the imputed values for the predictors. Third, the results from the ten imputations were combined and the final p values were reported. GEE method was implemented by PROC GEN-MOD, and multiple-imputation method was implemented by PROCs MI and MIANALYZE in SAS 9.3. When we compared results with versus without imputation, they were qualitatively similar.
We decided not to control for random effects of sites for several reasons [1] . Because the number of sites was vastly exceeded by the number of subjects (8 sites and 5609 subjects), it seemed preferable to consider fixed site effect than random site effect [2] ; Because we were interested in the marginal associations among those three characteristics across the cohort, adding any main effect would have minor impact on such associations; and [3] when we compared values of baseline variables across sites, we found that they were similar.
Results

Sample
Among the 7327 VACS participants, 3632 were HIV infected and 3695 were uninfected. Among the 5609 VACS patients meeting study inclusion criteria, 2892 were HIV infected and 2717 were uninfected. A total of 1718 patients were excluded because 1146 participants had never smoked, 571 participants had ever smoked but never drank, and one participant had no baseline data. Participants were, on average, age 50.6 (range 23-91), primarily male (96.0 %) and African-American (65.7 %). Table 1 summarizes the baseline characteristics by HIV status. Although HIV infected individuals were statistically significantly younger, more likely to be male and African-American, the differences were not clinically significant. But HIV infected individuals were both statistically and clinically significantly more likely to be HCV positive and to die during the study.
Follow-up
All 5609 patients completed the first survey. Thereafter, numbers completing subsequent numbers of surveys declines, as would be expected in a ''living'' cohort (people are continually enrolled and have not had an opportunity to complete all survey waves), with 3183 completing the 3rd survey and 1066 completing the 6th survey.
Temporal Patterns of Alcohol Misuse, Smoking, and Depression Table 2 shows the relationship between current drinking status and the current and prior status of smoking and depression, controlling for HIV status and number of years from enrollment. We find that current drinking was associated with prior drinking (p \ 0.0001, OR 9.72) and was associated with current smoking (p \ 0.0001, OR 1.66) and current depression (p \ 0.03, OR 1.12). It was not associated with prior smoking or prior depression. Table 3 shows the relationship between current smoking and the current and prior status of alcohol and depression, controlling for HIV status and number of years from enrollment. We find that current smoking was associated with prior smoking (p \ 0.0001, OR 22.02) and was associated with current drinking (p \ 0.0001, OR = 1.64) and current depression (p \ 0.0001, OR 1.23). It was not associated with prior alcohol misuse, but was associated with prior depression (p = 0.003, OR 1.16) even after controlling for current depression. Table 4 shows the relationship between current depression status and the current and prior status of smoking and drinking, controlling for HIV status and number of years from enrollment. We find that current depression was associated with prior depression (p \ 0.0001, OR 6.38) and was associated with current smoking (p \ 0.0001, OR 1.31) and current drinking (p = 0.01, OR 1.16). It was not associated with prior smoking or prior drinking.
Discussion
Our study is the largest published study of finely-grained temporal associations between alcohol misuse, smoking, and depression. Our results show three important findings. First, current manifestation of any of the three conditions was predicted in a markedly strong fashion by prior presence of that factor. Although it is common clinical wisdom that ''the best predictor of future behavior is past behavior,'' the magnitudes of effect are striking, particularly for smoking (OR 22.02), and are sufficiently high to raise the question of whether there should be more intense screening and surveillance strategies for individuals with predispositions for alcohol misuse, smoking, or depression. Second, it also underscores the relative intransigence of smoking behavior in adult life and the value of finding any means possible for facilitating quitting. Third, our results show that prior depression is predictive of current smoking, even when controlling for current depression. This observation raises the question of whether depression is a ''leading indicator'' of smoking, and of whether former smokers who screen positive for depression should be screened more frequently for smoking than would occur otherwise. Discontinuation of any of the three conditions was associated with discontinuation of any of the other two conditions (Fig. 1) , if a patient stopped smoking, the odds that they also stopped misuse of alcohol increased by 66 %, even controlling for their predisposition to be a smoker and to misuse. If a patient stopped smoking, the odds that their depression would resolve increased by 31 %, even controlling for a patient's predisposition to be a smoker and be depressed. If a patient stopped misusing alcohol, the odds that they stopped smoking increased 64 % and the odds of their depression resolving increased 16 %, even controlling for a patients predisposition to misuse alcohol and to be a smoker and/or depressed. If a patient's depression was controlled, the odds of their stopping smoking increased 23 % and the odds of their misuse of alcohol increased by 12 %, even controlling for a patient's predisposition to be depressed and to be a smoker and/or alcohol misuser.
Our findings raise the question of whether there is a distinct syndrome of alcohol misuse, smoking, and depression that is highly prevalent in HIV patients and in many other patients with chronic diseases such as diabetes [16] . In the particular case of HIV, alcohol misuse plays an important role in infection and disease progression [17, 18] and therefore such a syndrome might be particularly germane to tailoring screening, surveillance, and treatment strategies. Our results add to a growing literature of interrelationships between drinking, smoking, and depression [19] ; with our study designed to minimize likely biases [20] that prior drinkers may be more likely to be depressed than current drinkers (''unhealthy quitter'' effect) and very low-quantity drinkers may be less likely to be depressed than nondrinkers (potential selection bias from individuals who successfully limit alcohol exposure). The clinical implications of our results raise questions regarding optimal screening, surveillance, and treatment strategies for individuals with HIV, particularly those with alcohol misuse or other co-syndromic conditions. For example, should a positive screen for smoking or alcohol misuse elevate the pre-screen probability of depression sufficiently so that it would merit a ''B'' rating by the USPSTF rather than a ''C'' rating, regardless of whether screening support services are available on site? Should depression lead to a higher subsequent frequency of screening for smoking than would otherwise occur? More generally, should any patient who screens positive for one condition be screened for the other two automatically, and/ or should have a subsequent period of enhanced surveillance for all three conditions? If our results are generalizable, these questions can be addressed by applying the effect sizes to decision analyses that weigh the comparative benefits and harms of alternative screening strategies, ideally considering patient-centered preferences.
Additional clinical implications concern the treatment of alcohol misuse, smoking, and depression. If they simultaneously occur in the same patient, is treatment of one condition more likely to be effective when combined with treatment of the others conditions? Counseling strategies such as cognitive behavioral therapy have demonstrated efficacy for both mood and substance use disorders. In addition, medications for one disorder (e.g., depression), may have efficacy in the treatment of a co-syndromic condition (e.g., nicotine dependence). Specific examples include the use of bupropion which has Food and Drug Administration approval as a treatment for both depression and smoking cessation. Similarly, naltrexone, approved for the treatment of alcohol dependence, has been shown to decrease smoking behavior [21] . Finally, varenicline, a smoking cessation medication has been shown to decrease alcohol consumption [22] , and smoking cessation itself is associated with reductions in subsequent alcohol use disorders and mood/anxiety disorder [23] .
Our study highlights the importance of trials that can identify best the integrated treatment strategies for the many HIV-infected persons with a syndromic predisposition for alcohol misuse, smoking, and depression. Our results have notable limitations. Not every patient completed every survey. There were variable intervals between surveys. Our results may be impacted by survivor bias and potential attrition bias, particularly for the HIV-infected persons with depression, although the bulk of our qualitative analyses suggest that this was not likely to be a major consideration. It is possible that our results involving veterans are not generalizable to the larger population; however, co-occurrence of these conditions is not unique to veterans [24, 25] . We suspect that the patterns of association we report are generalizable. Our results for alcohol misuse, and to a lesser extent, smoking, were likely affected by desirability bias, although this would likely bias results towards the null affect. Finally, it is important to note that this is an observational study, and association does not imply causation.
In conclusion, alcohol misuse, smoking and depression were common among those with and without HIV infection, temporally concordant, persistent, and depression anteceded smoking. Those with HIV were particularly likely to have more than one of these conditions present. These results raise the question of whether any patient who screens positive for one condition should (1) be screened for the other two (2) should have a period of increased surveillance for all conditions, and (3) should have integrated treatment strategies when co-occurrence is observed. More generally, they raise the question of whether there is a distinct syndrome of alcohol misuse, depression, and smoking in HIV infected patients, and whether the screening and treatment of these conditions should be integrated.
